A novel Cripto-related protein reveals an essential role for EGF-CFCs in Nodal signalling in Xenopus embryos.
The location, timing and intensity of Nodal signalling are all critical for proper patterning of the vertebrate embryo. Genetic evidence from mouse and zebrafish indicates that EGF-CFC family members are essential for Nodal ligands to signal. However, the Xenopus EGF-CFC, FRL1, has been implicated in Wnt signalling and in activation of Erk MAP kinase. Here, we identify two additional Xenopus EGF-CFCs, XCR2 and XCR3. We have focused on the role of XCR1/FRL1 and XCR3, which are both expressed at gastrula stages when Nodal signalling is active. We demonstrate spatial and temporal regulation of XCR1 protein expression, whereas XCR3 appears to be expressed ubiquitously. Using gain and loss of function approaches, we show that XCR1 and XCR3 are required for Nodal-related ligands to signal during early Xenopus development. Moreover, different Nodal-related ligands require different XCRs to signal. When both XCR1 and XCR3 are knocked down, activation of the Nodal intracellular signal transducer, Smad2, is severely inhibited and neither gastrulation nor mesendoderm formation occurs. Together our results indicate that the XCRs are important for modulation of the timing and intensity of Nodal signalling in Xenopus embryos.